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Despite the

for nearly three

directed towards

Test Ban Treaty having been in effect

years, we again find our attention being

the effects of radioactive fallout. In

an article in this issue of Scientist and Citizen, Dr.

Charles Mays discusses the probable exposure of residents

of Utah to iodine 131 during the extensive 1951-55 test

series. He points out that the data we have at our

disposal, though admittedly subject to many objections,

still forms the basis for recommending very strongly an

extended investigation.

Nearly three years ago, considerable interest and

concern was aroused over this problem. Retrospective

calculations indicated very strongly that many people,

living in the areas of Utah and Nevada near to the

weapons testing grounds, might have received much larger

doses of iodine 131 radiation than had been realized.

Widence was presented at Congressional Heazings in 1963

and 6/C was one of several journals which published

articles

confused

and poor

as being

* The

out

and correspondence on this topic. In a

situation which has resulted from insufficient

data and poorer understanding, two points emerge

central to the discussion:

monitoring for iodine 131 was not carried

at all in the beginning and iodine 131

levels must be inferred from other radioactivity

data, which are subject to dispute in their

validity and relevance.

* The “acceptable” or “permissible” levels of radiation

to which people may be subjected have themselves been

adjusted by the Federal Radiation Council, occasioning

a protracted and completely unsatisfactory exchange with

CNI as to the bases for making these changes.

Ferhaps by now readers may feel that this whole

subject has been exhausted and that S/C should turn to

more c’urrentproblems. Unfortunately, we cannot. AS

Dr. Yis again demonstrates, the possible effects of the
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C.ki.Mar. “ntroducticm - 2

old test series may well show up in the course of a

large-scale sur:ey which he urges, and which S/C

strongly supports. Further, the Test Ban Treaty has

not completely eliminated fallout; relatively small and

deep undergrou-:dtes;s are continuing, with occasional

venting of racli~?.ctivedebzis, while fallout from

current Chinese and Fre:lchtests is being globally

distributed. Pee.cefu.ll~sesof nuclear explosives have

been proposed, znd a detailed survey is now under way on

a possible canal route to parallel the Panama Canal. In

the earlier discussions on the digging of a canal, l-e

nuclear explosives were considered, because of their

apparently great financial advantages, quite aPart from

some engineering gains. Cmsequently, we believe that

an awareness of the problems of fallout must be maintained.

To return nc~]to the Utah fallout; no explicit watch

was kept for <odixe l~?.in the early years of testing,

since the cl.ect.:cu.ictechnj.queswhich facilitate isotope

recoznit~c-c.F?:?.2G’; ~::cm :=ef~~,cfl,nc.rvJa.s the import-e

of ictlns ?.3T.::~c?y>:.;c:l.0.?:-s:.$szcxi$ors were used to

conduct s’.’-:-~.?$;-$~?.vhj.cb thz G?oss beta and gamma radi&ion

levels \Y2?zse~.w.b~e~,stu-iiag with %hese gross beta~d

gamma le-rcls,it is po.~ci”~?.eto deduce what the iodine

131 levels must have bees, provided that some import=

assumpt~o~s were made. These involve the relation of

iodine 131 activity to the gross levels and the

fractionation of the various radioactive isotopes during

the explosioc. Given these assumptions, the calculatfins

are generally accepteci.

Dr. Ila~shas Grcceeded much as GNI and others di&

He admit!sthe doubts ES to the reliability of some of

the monitori?~ C~ta, lY-I.L nc-:erthelessfeels that is is

still nesess~?~ ~~ SQ: what ecer~?s from the CdCld.atiUIS,

since th?.:i’c:i’~:~-:+:l tk? k?st ‘.;ecan do at this late

date. .+-‘:-~ ~~.‘:’..:--~1<.e~c~lculations, the coxpu&I
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C.\J.Kays “–production - 3

iodine 131 doses again come out high. At the time of the

1963 hearings, the Public Health Service announced the

initiation of a survey in which all children, in a

restricted area of Utah would be examined for thyroid

abnormalities which might have been caused through

exposure to iodine 131. This survey is now in progress;

it is the particular purpose of Dr.

to point out that far more than the

sample needs to be examined, since,

population at risk, many more cases

Currently, about 3400 children have

Mays’ article

present restricted

with a much larger

might be uncovered.

been examined and

amongst these no malignancies have been found. Twelve

cases of thyroiditis wercfound, but these could well have

arisen from many other causes. If all of the 250

thousand children in Utah are included in the study the

effects of the radiation might be detectable, and an

important contribution would be made to our knowledge

of the relation between radiation and its effects. Even

the absence of any detectable thyroid cancer would be a

valuable scientific result in allowing us to describe

more accurately the relation between small radiation

doses and their effects.

The earlier aspects of this topic have been covered

in Ev’Cin many articles: August 1963 (VO1.5 No. 9)

contained a summary of the testimony presented by Dr.

Lric Reiss on behalf of CNI to the Congressional Hearings;

November 1963 (VO1.6 No.1) contained further testimony

from the Hearings as well as an exchange between CNI and

Dr. Gordon N. Dunning of the AEC. Reaaers of S/C were

kept up-to-date by articles in the Gepte~ber and November

1965 issues, in articles by G.D. Carlyle Thompson (State

Director of Fublic Health in Utah) and Virginia Brodine

and Dr. Walter Eauer (of CN1).

bince then, there

Two papers in Nature1,2

have been a few relevant publications.

have dealth with fractionation of
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radionuclides, and the position is well suamarised as

“our understanding of the situations prevailing in the

formation of air-burst debris is rudimentary in all

phases...“~ Extreme fluct--.atiomhave been found in

the relative proportions of radionuclidesin a single

explosion, when many neasurernentsare made, so that

inferences as to the icdins 131 from gross beta and

gamma levels might be seriovsly above .... or below ...

the true values. While these doubts remain, there is

still no other way to estimate what the iodine 131 levels

were, when they were not directly measured.

As recently as April 1966, there was unexpected

venting from an underground test shot in Nevada. By now,

the technique of monitoring for iodine 131 is well

established, and farmers in the area were instructed to

put their cattle onto d~~ feed. Leakage of radioactive

debris from an underground explosion favors the more

volatile and less desirable prcducts (they are

fractionated).

There is ano~he~-problen, statistical in nature.

The natural rate of izcidence of nany diseases is not

precisely knc-.c. R?&iatio; np.yvery greatly increase

the rate, i.e. the number 01 ca.sssper 100 thousand

population, but the numbe~ of extra cases may be small——. —

if the exposed population is small. The reliability of

conclusions must therefore depend on the size of the

effect and the number of cases. It may be necessary

to examine a huge population in order to establish even

a moderate increase in the rate of occurrence of a

disease. Here again, Dr. Hays’suggestion for extending

the study to all children rho were exposed to fallout

in Utah is well justified.

In addit~.oa,sinilar stiudiesin iievadamight well

be considered. In such surveys, it will probably be

necessary to attenpt as many independent methods as

-@URcHIV~

3s



C.W. Mays introduction- 5

possible to reconstruct the iodine 131 dosage. Methods

suggested in Dr. Mays’ Appendix, along with other

possibilities, should be seriously considered.

Until all testing ceases, it will be necessary

continue with precautions and monitoring, and any

to

revival of the Plowshare Program would appear to carry

possible risks which need to be evaluated publicly and

balanced against the expected gains.
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THYROID IIL?ADIATION

IN UTAH INFANTS FXPOWD TO FALLOUT

by Charles W. Mays

The inadvertent exposure of about

IODINE 131

thousand
250 I uta

infants to average thyroid doses estimated at 1.3-10

rads may provide a unique opportunity to establish the

effects of low doses of iodine 131 irradiation in

children.

Iodine 131 is produced in nuclear

cows eat forage which is contaminated

iodine 131 appears in their milk. If

explosions. If

with fresh fallout,

a child drinks

this radioactive milk the iodine 131 concentrates in

his thyroid gland and irradiates it. Infants are

considered to be the critical meabers of the

population. The transmission of fallout to children is

illustrated in the figure.

Dr. Robert !2.Pendleton (Associate Professor of
University

Molecular and Genetic Biology, / of Utah) wa-sthe first

to discover that fallout from the Nevada nuclear tests

of 1962 would cause significant contamination from

radioactive iodine 131 in Utah.l Both our measurements,1

and those of the U.S. Public Health bervice,2 showed

that iodine 131 levels in Utah milk exceeded the radiation

protection guide of the ?ederal Radiation Council.5

Following Pendleton’s vigorous urging that steps be taken

to reduce the exposure, the Utah State Department of

Health recommended: transfer of cows from highly

contaminated pasture to stored feed; and diversion of

highly contaminated milk from the fresh market.4 This

protective action set a precedent; it marked the first

official attempt in this country to prevent the intake

of fallout-cont~inated fooi.

In analyzing the 1962 i~cident I became deeply

concerned about the exposures froz the previous years

of testing. LWmown to me at the time, this problem

was also being investigated through different approaches

‘-IRCHIV~



by Dr. Harold A. Knapp, then with the AEC, and b3’
Citizens’

members of the +%. Louis/Committee for l?uclear

Information (C.N.I.). Morking independently, we all

came to the same conclusion: significant exposures

were indicated. FOr example, thyroid doses to infants

in St. George, Utzh, from the “Harry” shot of 19 May,

1953, were estimated at 120-440 rads+ by Knapp;

100-’700rads by C.N.I., and using a less reliable

method, 68 rads by n~self.5

The problem was complicated enormously by the fact

that iodine 131 had not been properly recognized as a

fallout hazard during the early years of testing (1951,

1952, 1953 and 1955) and, unfortunately, iodine 131

had not been measured in milk during that time.

‘1’herefore,attempts to reconstruct the probable

exposures during this period must be indirect because

the eight-day icdine 131 has long since decayed (but

see Appendix). Kmapp used the gamma-ray intensity

above a co.ntamim.atedficl.das an index of its iodine

131 content:5 whi?.eC.lJ.I.used this and the beta-

particle dis~..nteGYatj.cnrate from fallout collection

trays.5 I used the obser-~e;beta activity in the air

and the fission >lel.d.5 Knapp and C.N.I. were

concerned chizfly with exposures in Southern Utah

near the Ne-;adaTest Site, because that was where the

highest individua? cioseswere indicated. My major

concern was the North-Central portion of Utah because

it contained so nany more people.

During the 1963 Con~ressional Fallout Hearings,

Dr. Lric Reiss of C.l;.i.and I both urged that a study

be made of tr.eirrziiiate&Utah children. This study,

supported by the C.L. Fublic Xealth Zervice, is now in

progress. Original.].-,‘S?.estudy had two objectives:-

* a rad is the zbsorpticz of 100 ergs of energy per
gram of tissue<
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to search for medical effects, and to estimate the

radiation dosage. The medical phase is progressing

well, but the dose program requires much more work.

If the dosimetry is not completed soon, the best

opportunity to reconstruct the exposures may be gone

forever. Memories fade, records are destroyed, and

these children will soon reach adulthood and scatter

across the nation. Even if no effects appear, the

exposures should be evaluated as accurately as possible.

If a safe dose exists for iodine 131 in children,
thousand

proper study of the 250 / irradiated Utah infants may

provide a unique chance to establish it.
my estimates of

In this paper I present/lower and higher limits

for the average doses received by Utah infants. I do

this for two reasons. First, I hope that the uncertainty

of these limits will stimulate interest in improving

the dosimetry. Secondly, despite dose uncertainties,

the indicated exposures are sufficient to Justify

continued study of the Utah children.

DOSIMETRY

Prior to the 1963 Fallout Hearings, I calculated

the number of radiation-induced cancers that might be
thousand

anticipated in the 250 / Utah children exposed to

fallout iodine 131 as infants. I withheld publication

or public discussion of these predictions primarily

because I felt that most of my estimates of dose

might be somewhat unreliable. Working in isolation at

the time, I was aware of milk measurements of iodine 131

for only one of the seven years of Nevada testing; doses

for the other six years I estimated from ~easurements

of beta-activity in the sir or fro!zfission yield

5 New information now permitsduring the gro!iingseason.

improved estimates for five of the seven test years,

and for the remaining two I have set lower and higher

limits.

DOEARCHIVES

39
\ \



C.’i:.hay: - _:,~.:-

For 1962, our analysis of milk from Pendleton’s

39 stations scattered throughout Utah indicated that

for the daily consumption of one liter (1.06 quarts)

of milk, the average yearly iodine 131 intake was
thousand

45 / picocuries* assuming a three day delay from

5 This agreed closely with themilking to consumption.

37t~0u~~cdocuries yearly intake reported by the U.S.

Public Health Lervice for the Salt Lake milk pool.2

The corresponding infant thyroid doses** were 0.77 or

0.63 rads respectively.

For 1958 and 1957, USPHS analysis of the Salt Lske

milk pool indicated average yearly intakes of 11 thousand
thousand

and 74 / picocuries of iodine 131 with associated

infant thyroid doses of 0.2 and 1.5 rads

respectively.6

For 1953 and 1952, the beta activity in fallout

collection trays at halt Lake City was 15 million

disintegrations per minute per square foot at twelve

hours after the detonation of shot “Nancy” on 24

March, 1953 and 23mill~.on disintegrations per minute

per square foot at twelve hours after the detonation of

shot “Easy” on 7 May 1952. Infant thyroid doses have

been calculated by C.N.I. as two to twelve rads for

this 1953 shot and three to thirteen rads for this

1952 shot (see pages 529-530, ref.5). A number of

limitations exist in using these values. First, they

are for only one shot during each year; additional

shots may have caused additional contamination. Hence

the true “upper limit” Day exceed my so-called “higher

linit.” Second, the ~easurenents were Dade in bait Lake

City; not in the pasture lands~ p=ture contamination

could have been higher or lower. My presumably less

* A picocurie is 2.22 disintegrations per minute.

** Assuming 30$buptake in a 2 grax thyroid with a
subsequent effective retention half-tine of 7.6 days,
and the absorption of G.2 ~illion eleczron volts of
energy per disintegration of iodine 131.

poEARcHlvEgj
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reliable estimates (see page 561, ref. 5) for these

average yearly exposures were 6.3 rads for 1953 (from

the fission yield) and 1.6 or 5.9 rads for 1952 (from

the fission yield or air beta activity, respectively).

For 1955 and 1951, I only have my estimates of 2.0

and 0.4 rads from the fission yields of 84 and 18 kilotons

during the growing season (see page 561, ref.5).

Comparing my approximate fission yield estimates of dose

with more reliable methods suggests that the fission

estimates averaged over a year of testing might be

accurate within a factor of ten. Therefore, I have

assigned dose ranges of 0.2-20 rads for 1955 and 0.04-4

rads for 1951. It is not my intent to deceive the

reader into believing that the true doses are well

established for the years 1955, 1953, 1952 and 19.51.

Here work is needed.

My best estimates of the average yearly thyroid

doses for Utah infants are summarized in Table 1 for

each year of Nevada testing. Individual doses were, of

course, much higher; Knapp estimated doses of 120-440

rads for infants in St. George, Utah, following the

!lH=ryl! shot of 19 I%y 1953.5 The dose for our highest

station in 1962 was 9-26 times greater than our average.5

Table 1
ESTIMATED AVLRAG1 THYROID DO.EG TO ALL UTAH INFfUfTS

Yw DOQ_iIiVRADti
OF LO~~ER HIGHER ~iLTHODOF DOaE

TLS’I’ING LIYiT LIMIT SSTIYLLTION

1962 0.63 - 0.77 S,L.HILK POOL & P.iNDLETON’S
MILK STA.

1958 0.2 USPHS SALT LAKE ItLLKPOOL

1957 1.3 USPHb LiLT LiJ<LHILK FOJL

1955 0.2 - 20 ?1SS101;YIIL2

1953 2 - 12 Fi~D Ep~4 ~-CiIVITy~T~L
SHOT “NANCY”

1952 3 - 18 FIELD BLT’Ai:CTIVITyJJT~
Sfim “U5Y”

1951 0.04 - 4 FIStiIO1;YIELD

DOEARCHIVES
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Next I tabulate the total number of exposed Utah

infants, and compute the average dose for all of them

(Table 2). The yearly births were derived from the

U.S. Census (1960 and 1950). The average birth time was

taken as mid-year, followed by an average delay of about

six months before appreciable consumption of fresh cow’s

milk. Thus, exposures were regarded as beginning at

the start of the calendar year immediately following

the year of birth. Only the dose during infancy

has been computed. However, dose calculations can

easily be extended throughout childhood using the method

shown in Table 2 and correcting for the increasing mass

of the thyroid with age.”

Table 2
INFANT EXPOSURES BY YEAR OF BIRTH
-—

mAR BIRTH?J AV. THYROID DOSE (RQSl
OF DURING Xgz--–---zgg-- ‘- TOmz --

BIRTH YEAR 0.5 to 1.5 1.5 to 2.5 DOSE

1962

1961 26,000

1960 25,000
1959

1958

1957 24,000
1956 23,000

1955 22,000
1954 22,000
1953 21,000
1952 21,000
1951 20,000

1950 20,000
1949 _LUQ
TOTAL = 243,000

0.6 - 0.8 0.6 - 0.8

0.6 - 0.8 0.6 - 0.8

0.2
1.3 0.2

1.3
0.2 - 20

0.2 - 20
2 - 12

3 - 18 2 - 12
0.04- 4 3 - 18

0.04- 4
AVERAGE DOSE =

0.2

1.5
1.3

0.2 - 20
0.2 - 20
2 - 12

5 - 30

3 - 22
0.04- 4
1.3 - 10

.

* The enlargement of the thyroid gland vith age recuces
its iodine 131 concentration and the resulting radiation
dose from a given intake of iodine 131. For example,
the intake of one nicrocurie (1,000,000 picocuries) of
iodine 131 gives a seventeen-rad dose to the two-gram
thyroid of a one-year old infant, a 6.8-rad dose to
the eight-rad thyroid of an eight-year old child, and a
1.7-rad dose to the 20-gr~ thyroid of an a&ult.
Furthermore, tileweight of eviie~ce inciaares that the
radiation resistance of the thyroid increases with age,7
although the exact seauence of chz~ges in sensiti~ity
has not yet bee~ establishe~ precisely.

POEARCHIVES
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Table 2 indicates that zbout a quarter of a million

Utah infants were expose& to fallout iodine 131, with

an indicated a-;eragethyroid dose of 1.3 - 10 rads.”

The significance of these exposures is not the size of

the average dose (which is srall) but in the enormous

number of irradiated childre~,

THYROID CANCK6’.S_.—

The natural occurrence of childhood thyroid cancer

is extremely low. Values f~oa l%stacchi and Cutler

indicate that by age fifteen years only 25 thyroid

cancers are expected <o appear per million children.8

Thus only about six “natural” childhood thyroid cancers
thousand

are anticipated in the 250. / exposed Utah children

by age fifteen. The fraction of these so called

“natural(lc~cers which were in fact induced by medical

X-rays may be appreciable. In a series of childhood

thyroid cancers collected by liinshipand Rosvoll,

about 80 per cent showed a history of prior irradiation.9

In the United Kingdom only about three children per

million develop thj-roidcancer by age fifteen.10

X-rays c.ailind::cethyro56 cancer, AbOut 20-30 years

ago, it was common i.nsoae hospitals to X-irradiate

infants in the necl:regiaa for benign conditions. Thyroid

cancer has followed ;.oan unpleasantly large number of

these exposed children.9 Bezch and Dolphin11 found

reports of 132 post-irradiation thyroid malignancies

in the published medical literature; the additional

number of unpublished cases renains unknown. They

analyzed the relation between incidence and dose in

4673 exposed children for tihoz the individual doses were

obtainable. The incidence of thyroid cancer increased

with dose to 1.7 per cect zt 522 raas. >.ssunin~

* My earlier crude ~etbods (Dee Ref. 5) yielded an
estimated thyroid ciosea-~ei~ging4.4 rads to this
population. I am pleased at the agreement.

POEARCHIV~
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incidence proportional to dose, they derived a cumulative

lifetime incidence of 35 cancers per million infants ‘

each receiving one rad. However, they were careful

to point out that their analysis did not exclude

the possibility of a curved dose-response relation.

!l?hedata in their figure five can also be interpreted

to suggest a “threshold” at perhaps 50-100 rads,

below which cancers would not be induced. Perhaps

roughly half of the radiation-induced thyroid cancers

may appear within the first fifteen years (compare

values in Ref. 11 with those in Ref. 12], but this

fraction is uncertain.

There is some experimental evidence that iodine

131 is less effective than X-rays in inducing cancer.

Doniach found that the iodine 131 dose had to be about

ten times greater than an abrupt dose of X-rays to

13 However,cause equal effects in adult rats. adult

rats are not infant humans and the relative effectiveness

of iodine 131 vs. X-rays in children is yet to be

established. Perhaps the iodine 131 exposures in

Utah could provide information on this point.

The dose-response relation is very difficult to

establish at very low doses because the incidence of

effects is so very small. ~ome radiobiologists feel

that cancer induction is not proportional to dose, but

that a certain “threshold” level must be exceeded before

any cancers can be induced. If such a threshold exists

and if the doses fall below this level, no induced

cancers will appear. It is entirely possible that no

cancers will result from the Utah exposures.

Theoretical esticates of ttlenunber of radiation-

induced thyroid cancers will no~:be calculated for

each of the following three assumptions:

dose-response with iodine 131 irradiation

effective a“sX-irradiation, and causing a

(A) a lineax

equally as

lifetime

DOEARCHIVES
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incidence of 35 thyroid

each receiving one rad;

iodine 131 irradiation

X-irradiation; and (C)

probably sets an upper

cancers per million infants

(B) a linear dose response, but

only one tenth as effective as

i high threshold. Assumption (A)

Limit,for it is unlikely that

iodine 1S1 is more effective than X-rays. Assumption

(C) certainly sets the lower limit -- the number of

induced cancers cannot be less than zerol Assumption

(B), while between the upper and lower limits, is not

necessarily the best estimate but it yields reasonable

values for planning the experimental search for thyroid

cancer. Estimates of the number of radiation-induced

thyroid cancers which might appear during the lifespan
thousand

of the 250 / Utah infants for doses of 1.3 - 10 rads

are compared in Table 3 to their expected natural

incidence by age fifteen.

Table 3
ESTIMATED THYROID CANCERS

FoR THE 250,000 IRRADIAT~ uT~ I~~s

ASSUMPTION mm OF CANCERS

(A) Iodine 131 effect equals
X-ray effect 11 - 88

(B) Effect equals 1/10 of
X-ray effect 1- 9

(C) High Threshold o
-- --- -- —- -- -- __ __ __ __ __ __ __ __ __

l!NAT~,l lNCID~CE BY 15 yEARS OF ‘GE 6

Similarly, it is instructive to calculate the

anticipated number of radiation-induced thyroid cancers

which might appear during the lifespans of the 565

infants in Washington County, Utah, exposed to higher

thyroid doses (esti~ated at 123-440 rads5) following the

“Harry” shot of 19 May 1953. These estimates are sho~

in Table 4. POEARCHIVES
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Table 4
Eb’lIMATED THYROID CANCERS

FOR THE 565 INFANTS NLAR M!. GEORGE IN 1953

ASSUMPTION NUMBER 0??CANCERS

(A) Iodine 131 effect equals
X-ray effect 2- 9

(B) Lffect equals 1/10 of
X-ray effect 0.2 - 0.9

(C) High Threshold o
---- ___ --- --- --- --- --- --- --

“NATURAL’{INCIDENCE BY 15
YEARS OF AGE O*O1

If the additional doses received before birth
and in later childhood had been included, the estimated
number of radiation-induced cancers would have been
even higher than shown in Tables 3 and 4.

DISCUSSION

1) The St. George study has the advantage that the

“natural” occurrence of childhood thyroid cancers is.

extremely unlikely

The probability of

whereas the chance

in ten thous~d.

Is it possible

might increase the

among the 565 infants exposed in 1953.

one natural case is one in “onehundred

for two natural cases is only one

that genetic or environmental factors

“natural” incidence in this region
one hundred thousand

by a factor of / to ten / times greater than for the

rest of the USA? I do not know. But I do kIIOWhow to

test this hypothesis. Individual estimates should be

made of the most probable dose to each St. George child

based on source of milk and thyroid size.* These

children should then be classified into graded dose

categories. The high-aose children will probably be

those who drank local nilk as infants fror 19 Mly -

19 June 1953 (and to a lesser extent, fron 17 March -

17 April 1953, and froa 31 August - 30 September 1957).

* The approximate size of a child’s thyroid at iodine 131
intake can be calculated from his age at intake.

DOEARCHIVES
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Low-dose children should be those whose infant years

occurred after these times (or long before), plus those

who drank powdered milk or uncontaminated fresh milk

during these incidents.

If non-radiation factors predispose the children

of this region to a high incidence of thyroid

abnormalities, these abnormalities should occur

throughout the dose categories.

However, if the incidence is significantly greater

in the higher-dose groups, radiation would be implicated

as a causative factor. In a study of this nature it is

extremely important to have low-dose subjects from the

same region and culture to serve as controls.

In the thirteen years which have elapsed since the

incident of 1953, perhaps half of the total cumulative

radiation-induced cancers should have appeared among

the St. George children; or one - four cases under

assumption (A), 0.1-0.4 cases under assumption (B), and

no cases under assumption (C). The fact that no thyroid

cancers have yet been observed* in these children14

suggests that assumption (A) overestimates the true

effect and therefore constitutes an upper limit.

Establishment of an upper limit is of real value, but

establishment of the true dose-response relationship

would be of even greater importance. To establish the

true dose-response relationship, the study needs to be

expanded. Note that under assumption (B), less than one

radiation-induced cancer is predicted to have occurred

before now (1966) among the St.George children.

2) For the entire state of Utah, the estimated nwber

of radiation-induced cancers is five - ten tiues larger

than for the limited St. George area, assuming a linear

dose-response relationship (compare Tables 3 and 4).

* The children who moved from this area before the
recent survey have not been exsrine~.
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How might the present study be expanded to obtain

additional information? The following plan is suggested:

a) The fallout deposition should be established

for each one of the Nevada test shots. The

actual deposition of fallout should be evaluated

by records of field gamma-ray intensities and

fallout tray beta-activities, when available.

When measurements are lacking, the deposition

on the ground should be estimated from

meteorological considerations. ecological

factors could have caused the doses to the northern

part of the state to be materially higher

than calculated for the early tests. Rainfall

is greater in northern Utah, and rain brings

down fallout from the air. Also, the studies

of Pendleton have shown that plant uptake is

higher from wet pastures than from dry.lIn

the 1962 incident, the highest levels of

iodine 131 observed in Utah milk were not in

the south-west and central farms first traversed

by the fallout; the highest observed levels

were in the north-east portion of the state,

over 400 miles from the l~evadatest site.

b) From feeding practices, the transfer of

iodine 131 to milk should be estimated for each

milkshed. Very little iodine 131 appears in

milk when the cattle are on aged stored feed,1

as, for example, during the winter. Special

efforts should be made to estimate the iodine

131 levels in the nilk of those dairies which

supplied large populations.

c) The populations served by the major dairies

should be identified and recorded. Dose

estimates to these populations should be rcade,

and the popalz~ions classified into ~rade~

dose le~rsl:. POEARCHIVES
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d) Procedures should be established to have

all thyroid abnormalities reported to a central

file where periodically the effects would be

correlated with dose-level. Detailed dosimetric

reconstructions should be made for those
—. -

individuals developing thyroid abnormalities,

with particular emphasis given to evaluation of -

prior X-ray therapy. In fact,
,.

a retrospective

survey should be made to document the prevalence

of medical irradiation of Utah infants to

determine what effect this might have on the

iodine 131 studies. Also, new techniques should

be explored for improved estimates of iodine 131

dose (see Appendix).

e) If the Utah study is to yield maximum

information, it receive long-term support.

I’lanyyears may elapse before the appearance of

delayed effects of irradiation. If no effects

appear, it will be even more imperative to

document the study extremely thoroughly, because

it is much more difficult to prove that a given

dose is safe than to verify that a higher dose is

dangerous. However, the establishment of a safe

dose is of much greater importance.

3) While thyroid cancer has been of major concern

in this paper, other conditions should be considered,
a study (Starr et. al.) of

such as the more frequent benign thyroid tumors. In /

73 children and adolescents treated with iodine 131

for hyperthyroidism (an overactive thyroid) and followed

for two - Zourteen years, there were five thyroid tumors

of which only one (a papillary adenocarcinoma) was

15 Iria different study, out of eighteenmalignant.

children treated with iodine 131 for hyperthyroidisa,

six thyroid tumors were observed five - fourteen yeus

later.16 I-lorecases may yet appe= after longer follow-up

times.

/.
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In the Marshall Islands, twelve children under five

yeaxs of age were exposed to heavy fallout in 1954.

Their total body gamma-ray dose was about 175 rads

while their thyroid dose from iodine 131 is estimated
thousand

at roughly C:le/ rads. Of these twelve children, two

have become h~:$hyroid with marked growth retardation,

while five others have developed adenomatoid goiters.

No thyroid abnormalities have been observed in the 75

unexposed comparison children from nearby islands.17

concerning the bt. Geoq3e children, it is uncertain

whether their incitie~cesof non–malignant thyroid

abnormalities, such as thyroiditis and thyroid nodules,

were influenced by iodine 131 irradiation.14 It is

also unknown whether these abnormalities might later

have progressed into cancers if not discovered in the

course of the Utah study and treated surgically.

CONCLUSION—— —

What are the effects of I.OWdoses of iodine 131 in

children? HO\Jsa?% j.sthe Federal Radiation Council’s

new Protective Action Guide for thyroid doses of 30 rads

to individual i~fants cnd ten rads to groups of infants?18

Proper study of the Utah children might provide at least

partial answers to these questions.
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APPENOIX

OTHER POSSIBILITIES OF IODINE 131 DOSE EVALUATION

The central problen in this study is one of

reconstruction in the absence of complete data.

Lacking direct meast~~s~::il’~~ of io~ine 131 levels

during the 1951-55 tests? cztina$cs have been based on

~etrozyective calculatio~s of the available data --

gross beta and gxunm2.levels -- cad on assumptions on

the relat:oa of these levels to the iodine 131 levels.

It is fully recognized that at this point serious

objections may be zaised. Firstly, the yields of various

radioactive isotopes have to be assumed in the absence

of full information on the major nature of the

fissionable material used in each explosion. Secondly,

our knowledge of the fractionation process is incomplete.

Nevertheless it may be useful to pursue these

calculations thrsugh as many independent methods as we

can find. Not all these methods may prove practicable

after detailed examinatica, but we cannot afford to

reject suggestic~ls‘;CQqL%Ck12-.

A new possibility 2Y.~beta ~ai~ted out to me by

Merril Eis”-2.btl&(Prcfessor of ~~-irocmental Medicine,

New York Uzive~si~~ 11.Lic:2;.~;er, Tuxedo, New York).

The coxce2< is descr<.;:~<b~ Edvards.19 Both iodine

131 and iodine 129 result from fission. While the

iodine 131 >as decayed because of its short eight-day

half-life, the iodine 129 with its 16-million year

half-life has hardly decayed at all. Thus, the iodine 129

content in the thyroids of people who died soon after

en early nuclear test might indicate the iodine 131 dose

which was received. It may be possible to obtain

sufficient patholog~ca~.tissue preserved from autopsies

performed at that time, and thus gauge the iodine 129

levels.

For exanple, G25 nicrcc-~ri?of iodine 131 COnSIStS

of 3.72 x 1010 ~ts::z. .... ._zs%c~ yie~ds have beenrl,p -

POEARCHIVES
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estimated (Weaver, et.aL)

iodine 129 chain, and 4.6

chain, from plutonium 239

aTTecdj.x - Contd..

at about 3.0 per cent for the

per cent for the iodine 131

fission by fission-spectrum

neutrons.20 Thus, there are about 2.4 x 1010 atoms of

iodine 129 associated with an initial iodine 131 activity

of one microccrize

To assay iodine 129 it ca~ be activated to iodine 130

19 A saturation activity of 73by neutron bombardment,

disintegrations per second of iodine 130 (easily counted)

10results from the bcmba.rd-mentof 2.4 x 10 atoms of

iodine 129 (cross-section 30 x 10-24 cm2 per atom) by a

flux of 1014 neutrons per cm2 each s.econd.19

Iodine 129 atomsare removed from the adult human

thyroid with a biological half-time of about three months,

although this varies from person to person.2~ Therefore,

the appropriate thy~oid samples would be from thyroid

tissue obtained after a nuclear test of interest.

Additional pathological samples obtained just prior to

the test of interest wou].dbe needed to correct for

environmental icdine 123. In this connection, note that

little stratospheric fallout was present during the

1951-55 tests for which dose estimates are most urgently

needed.

James Arnold (Kansas City General Hospital, Kansas

City, Missouri) has pointed out that if milk samples

taken from contaminated areas at the time of contamination

can be located, these might be suitable for iodine 129

analysis.

A final sx.~gestion:it might be possibleto use

strontium ~0 or cesium 137 as radioactive indicators. al

are retained C.Ypasture vegetation with a biological

half-time of about thi~teen days.22 All are absorbed by

the cow, transferred to milk and assimilated by man.

Strontium 90 has the zdvantage that it is not vaporized

during sample ashing. Cesium 137 is easily detected

~o~ARcHIv~



non-destructively by gamma counting. The biological

half-times of retained ce6ium 137 and iodine 131 in

the bodies of adult humans are roughly the same,

(three months). For example, cesium 137 can be

evaluated by total body counting without the necessity

of removing samples. The cesium 137 to potassium 40

ratio can be evaluated even in poorly preserved tissue.

Once again, it must be acknowledged that the above

methods are possibilities rather than proven methods of

procedure. But, if practicable, any or all of these

methods could be of great value in establishing better

estimates of dose.
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